The radiological air quality of two storage vaults, one with depleted uranium @U) and one without, was evaluated and compared. The intent of the study was to determine if the presence of stored DU would significantly contribute to the gaseoudairborne radiation level compared to natural background.
Introduction
DU is stored in various vaults and buildings at the Los Alamos National Laboratory.
DU consists primarily of U-238 (ref 1) . The decay scheme of U-238 is given in Figure   1 . U-238 has eighteen daughter products, of which Rn-222 is an alpha-emitting gas. Rn-222 is also present in the environment as a naturally occurring gas formed from the decay of uranium in the earth.
The health effects of exposure to radon and radon progeny have been extensively studied, and, the carcinogenicity of radon is documented via epidemiological studies of underground miners. Because of the carcinogenicity identified with radon and its progeny, it is imperative to the health of those who enter into DU storage vaults to determine if the presence of DU contributes to the quantity of radon and its progeny in the vault air, thus the quantity inhaled.
The purpose of this experiment was to determine if the presence of DU in a closed environment significantly contributes to the presence of radon and radon progeny. In particular, the experimenters wanted to ascertain if Rn-222 was present in measurable quantities. An interesting aspect to this experiment is the presence of natural radon, as Rn-222 and as Rn-220, which would have to be taken into account when interpreting the results of any radon measuring devices. Drawbacks to this procedure include various potential variations such as the quantity of moisture in the atmosphere which can significantly reduce the amount of radon that can be absorbed into the charcoal. In addition, the EPA procedure does not require a background measurement to be made in a similar environment, without the DU, nor does it specie air flow restrictions, access by people, and other potential movement of air. These conditions could result in a false high reading, false low reading and a higher margin of error.
, '
As described in the Materials and Methods Section, this experiment was conducted in a manner that should eliminate or minimize these potential sources of error.
Materials and Methods
Two concrete storage vaults on the first floor in the same building were selected for this study, both of similar dimensions (approximately 8'X2OyX10' high). Neither vault has air supply or air exhaust, and the doors were kept closed during the study, except for several short term entries to check instruments and to record readings. There were no fans or other circulating devices in either vault. One vault had file cabinets containing documents, and was used as the control vault, and the other vault contained approximately seven hundred kilograms of DU in various containers. Most of the DU was wrapped in plastic, and was not airtight.
There were two phases to this experiment: 1) radon measurements and 2) measurements for total particulates. The radon measurements for both vaults were made utilizing a Femto Tech RS410F radon detector. The radon detector consists of an air ionization probe. The detector was used in a passive mode and averaged the radon level. The vault with the paper had the radon detector in place November 17 through November 20, 1997. The vault with the DU had the radon detector in place November 12 until November 17, 1997. The particulate measurements for both vaults were made utilizing a giraffe air sampler with a two inch diameter Hollingsworth & Vose Hovoglas Laminated Filter.
The flow rate was two cubic feet per minute.
Procedure

I
The two different phases of this experiment were conducted as follows: 1) measure and compare the concentration of radon in both vaults, and 2) measure and compare the concentration of radionuclide particulates in both vaults.
The radon detector was read and recorded each day. The filters were approximately four feet above the floor. Nine samples were collected of 168 hours each in the DU vault, and two samples, one of 168 hours and one of 144 hours were collected in the control vault .
The vault with the documents (control vault) was started on October 2, 1997 and terminated on October 15, 1997. The vault with the DU was started on July 30, 1997 and terminated on October 2, 1997. The filters were allowed to decay for a minimum of 24 hours. The filters were then counted for three minutes on a Berthold LB780 A l p W e t a Counter, which is a low level, gas proportional counter.
Results
The results of the samples for the total particulate measurements for both vaults are given in Table 1 . The results of the measurements, + or -lo%, for the average radon levels observed by the radon detector in the two vaults are 22.2 Bq/MA3 for the DU Vault, and 18.5 BqM"3 for the control vault. These readings were barely within the dynamic range of the instrument as reported by the manufacturer's speciftcation sheet of 0.5 to 2000 pCi/l. (18. 5 Bq/MA3 to 7.6E4 Bq/MA3).
I
Discussion
.
Particulates were sampled for in both vaults because both RN-222 and Rn-220 decay into nongaseous isotopes. In order to minimize interference by the presence of radon which may have adhered to dust particles and thus may have been collected on the filter paper, the filters were allowed to decay. It is noted that for sampling period number seven, there is a significantly higher level of radioactivity measured than for the other sampling periods. This is due to not allowing the sample to decay long enough to minimize interference fiom radon gases adhering to dust particles.
The results of this experiment show that the concentration of radionuclides measured on the filter paper for both the DU and control vaults are not significantly different. This is evidence that the presence of radon must not be significantly different in both vaults, because the nongaseous isotopes are daughters of radon, and the vaults were not ventilated .
The results also show that there is no significant difference in the quantity of radon measured by the radon detector for both vaults. Variations in the weather, especially precipitation, atmospheric stability and wind, result in significant variations in concentrations of Rn-222. The concentration of radon inside of buildings; however, largely depends on the radium content and porosity of the building material and the degree of ventilation of the building or room in which the measurements are being made (ref 4). Because the control vault is constructed similarly to the DU vault, the porosity and radium content of both vaults is the same. Additionally, neither vault was ventilated. Deviations in the quantities of radioactivity in the soil is a geological variable (ref. 4) . This variation is minimized in this experiment because the vaults are within a distance of 50 yards. Any difference in the quantity of radon, i.e. Rn-220 plus Rn-222, we theorize would be due to an increase in the quantity of Rn-222 in the DU vault, since Rn-222 is a daughter of U-23 8.
When uranium is refined, all of the daughter products are essentially removed. Uranium had not been refined and separated in large quantities until the early 1940s. This would mean that depleted uranium is, at the most, between 50 and 60 years old. Because of the length of the halflife of uranium daughters, U-234, Th-230 and Rad-226, there has not been ample time for the Rn-222 to be produced. Based on the decay of these three daughters, one Ci (3.7E10 Bq) of U-238 would produce an inventory of 2.3 1E-10 Ci This extremely small amount of Rn-222 would not be detected by the radon detector since the lower range of the radon detector is 18.5 BqM"3.
Due the various shapes of the DU in the vault, and the thinnest dimension being approximately one cm, it is safe to assume that the majority of the small amount of Rn-222 molecules that are produced is trapped within the matrixes of the DU metal as they are formed. In addition, the majority of radon daughters would also be trapped. Since the radon daughters are solids, the portion that is not trapped within the matrixes are adhered to the surface, lacking a mechanism to become airborne.
t
Conclusion
We conclude, fiom the results of this experiment, that the presence of stored DU did not result in a significant increase in gaseoudairborne radionuclide concentrations in the vault. 
Real Time Radon Stack Monitoring Radon Generation
Radon can pose a health hazard in industrial settings. Mining operations (in particular, for uranium or thorium) oRen involve high levels of radon in tunnels. Handling of ores or other uranium process material may free substantial amounts of radon gas into the work environment. Radon (or more specifically, the isotope Rn-222) and thoron (the radon isotope Rn-220) are produced in the natural decay of natural uranium (mostly U-238) and thorium (Th-232) respectively. The two gases decay (with quite different half-lifes) into non-gaseous isotopes. The daughter isotopes decay through both alpha-particle and beta-particle emission. It is the decays of the daughters which poses the greatest health hazard when the daughters have been deposited in the lungs.
The decay chains of radon and thoron.
Real-time Radon Monitoring
Both radon and thoron as well as several of their daughters, emit alpha particles upon decay. Monitoring for ionization in the air (often termed the Long-Range Alpha Detection technique) is ideally suited to detecting the radon or thoron in real time (that is, with immediate response).
Portable radon monitors are being developed by Los Alamos and industrial partners for both home use and spot usage in other facilities. In some cases, however, it is better to sample the air exhausted by a ventilation system. A radon stack monitor detects radon in the air passing through an emissions stack. A 
